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1. ABSTRACT

The model of &iological system iproposed.This system consists ¢fvo phases:
hard and soft. It iestablishedhe percolation transition mutske place in this model. The
theoretical dependencies tife sheamodulus onthe hard phase concentration and the
temperature were received.

The mechanism ofthe hard phasdorming is coordinated with thebiological
mechanisntheice forming. It isshowed how calculate thee quantity inthe system using
the sheamrmodulus values. The elastic modulus tbé sugar-beet are measured in the
temperaturenterval 210-270 K. The percolation transition is obserwdich was predicted
by the used model. Thee quantity inthe investigated sugar-beet is calculated for the all

temperature from the researched interval.
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1. INTRODUCTION

Termophysical properties of biological systems are investigated in the given article. It
is known the water is the grepart ofbiological systemsThe decreasing the temperature
must lead to the liquid-solid transition there. We want to research its peculiarities.

Denote by m threlative volume occupied witthe ice (the concentration of the
ice).

The common quantity ofhe ice in the biological systems isletemined by the
calorimeter method [1]. We want fmd the dependence m on the temperatur&adr.this
aim we suppose to use the dependence of the shedulus G orthe temperature. It is
necessary find the connection between G and m.

2. THE TWO PHASES MODEL OF THE BIOLOGICAL TISSUE

Let us consider thematerial of system as a continuubenote by g(x) docal
modulus in the point x of the continuum. Let us g(x) be an accidental value.

Also denote by the K(x,x’) the correlatiofunction which is determined by the

formula

K (x,x) = (g()g(x")) -{g)’, @

where the average values are denoted with the help of the ogerator
The measured modulus G thie systems ighe effective modulus. One is

also some average value of g

G :5 (2)



Generally speaking thg isn't equal to the(g ) .
The characteristic linear size is the correlation radius a determined by the formulas
K(x,x") 0 x -x|<a (3)
K(x,x') =0 X —x{>a
We will suppose that “our” continuum consisttefo phases: hard and softet us accept
the notations Gand G for the sheamodulus of this phases. Thertlie hard or sofphase
is in the point x the formulas g(x)=Gr g(x)=G take place.
We also vill suppose that the hard phdsemsthe clustersvhichare surrounded by
the soft phase. Thaize ofthe cluster is equal to the correlation radius indfreer of the

value.

3. PERCOLATION TRANSITION IN THE TWO PHASES MODEL

Whenthe concentration of the hard phasenigeasingthe correlation radius a is
increasing also. By someoncentration n=snof the hard phase the correlation radius a
reaches thsize which is equal tthe size ofthe system inthe order of thevalue. The hard
phase formghe frameworkwhich accepts the external loading. Byis the modulus G
increases strongly.

Denote by Gthe modulus value by nsnf the inequality
g <4, )

is fulfilled the conditions are fair



G, =0 (n<ny) (5)

G >>G, (n=n,) 6)
The dependence G(n) hatlee jump by the concentration. s they saythe percolation
transition is observed by this concentration. It is known fifeenpercolation theorf2] for
the accidental mediurthe value of g is equal to 0.15.Also it is known from this theory the

dependence G(n) have the form
G(n) =b(n-n,)", ()
where b and t are the constant values. Taking into consideration the condition
G-gn (1) 8)
instead of the formula (7) we can write

nc O” ®)
n=n,+(1- no)E'g_E
h

4. THE MODULUS DEPENDENCE OF THE TWO PHASES MODEL ON THE
TEMPERATURE
The concentration n is tHanction ofthe temperature T. Therefore the temperature
To must be for which the conditions is fulfilled
n<ry (T>T) (10)
n>ng (ETo) (11)
The value nis reached by the temperaturg Accordinglythe dependenc&(T) musthave

the form



G=Gy=0 (T>D) (12)
G>>G (£To) (13)

Expand the function ngrnn the series about Tgkeeping only the linear term

n-n,=—_ -T
0 a—l- T=T0(r O)
Substituting (14) in (7) we receive
G =Q(T -T,)", (15)
n b dn
reQis b T —
where Q aT |y s,

Using the formula (15) it is possible toget thevalue t fromthe experimental dependence
G(T).
5. THE QUANTITY OF THE ICE IN THE CELLULAR TISSUE

There is the formula (9) which allow to calculate the quantity of the hard pDalge.
it is necessary t&know thenumerical value of \g What is the hard phase in thellular
tissue?

The mechanism of forming an ice in the cellular tissue is proposed in [3].
Forming the ice in the cell means it’s ruin. Tdliwe organisnaspires to avoid it pushing out
the waterfrom the cell in the space between tbells where the water is frozen. The
structurearises whichconsist of thecells surrounded by théayer of the ice. Theliquid

matter is inside the cells.



We callsuchstructure as the haghase of theur model. In thisstructure the ice
occupies only a part x of the volume. One can write
m=x, (16)
Let usfind the numerical value of xSuppose that the cdiavethe cubic form.Denote by L
and h the ell sizeand thethickness othe ice layer. The volumevhich occupies thece is
equal to 6Eh/2 on one cell and we receive
x=3h/L (17)
The modulus gis the averagenodulus ofthe hard phase. THguid mater inside theells
have very small modulus comparing with the ice. Therefore we write
On=X0i (18)
where gis themodulus ofthe ice. According to the literatutiata g=3.510° Pa.Taking
h=0.1 L wereceive x=0.3, andyg1.210°Pa.Using this numerical value of,gtheformulas
(9) and (16) and the experimental curve G(t) we may build the searched dependence m(T).
6. MEASUREMENTS AND EXPERIMENTAL RESULTS
As theexample ofthe biological system a tissue of agar-beet was chosen. The
shear modulus of this specimenas measured with theelp of the forsionpendulum(4].
The error was 4%. The frequency ofthe vibration was0.01 Hz. Theexperimental
dependence G(t) is given in fig.1.
It is clear this dependence must be describeth&yconditiong12-13). This shows
that the chosen model is fair.
Using the experimental curve G(T) and the forn{a) wefind the value t, which is

equal to 1.480.02.



Also usingthe experimental curvé&(t) and theformulas(9) and (16) we build the
dependence m(T) for the tissue of a sugar-ifiegt 2). The value ofthe common ice
guantity calculated from the modulus values is equal to one received in the work [1].

7. CONCLUSIONS

In given article it ispredicted theoretically thahe percolation transition must be in
the biological system by decreasintpe temperature.This prophesy is confirmed
experimentallyfor the sugar-beet. Theommon character athe used theoreticahodel
allow to hope that such the transitionillwbe observed for othemiological systems.
Accordingly the proposed method of tlwalculating ofthe ice quantity vill be fair in this

cases.
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FIGURE CAPTIONS
Fig.1. The temperature dependece of the shear modulus in the sugar-beet tissue.

Fig.2. The temperature dependece of the ice concentration in the sugar-beet tissue.
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